ABSTRACT
Introduction
Translation in eukaryotes starts by inspection of the 5'end of the mRNA for sites suitable for initiation. The scanning complex, composed of the 40S ribosomal subunit, the MettRNA and translation initiation factors is attached to the 5' cap (m7GpppN). Scanning proceeds towards the 3'-end and when an AUG triplet is encountered the 60S ribosomal subunit is recruited and translation is initiated (first-AUG rule). However it was noticed (1) that a variety of important proteins (including protein kinases, growth factors, oncogenes, receptors and transcription factors) are expressed from messengers, which contain AUGs upstream of the initiation site of the main protein (uAUGs). Often the uAUGs are followed by in-frame stop codons, thus forming a short upstream open reading frame (uORF).
The presence of uORFs makes translation of the principal reading frame difficult as the ribosomes should reinitiate at the downstream AUG. Reinitiation is inefficient, particularly if the uORF is long or the distance between the upstream stop and the main AUG is short (10, 2, 3) . It is possible that the uAUG is bypassed and the scanning is "leaky". It is established that translation initiation depends on the nucleotides flanking the AUG, the most favorable surrounding context being [A/G]CC aug G (4) . If the context is different, some of the 40S subunits may start translation while others will continue scanning (leaky scanning). Although both reinitiation and leaky scanning allow initiation at the AUG of the main ORF, they typically result in attenuation of translation.
Studies of published mRNAs sequences and genomewide comparison between human and rodents showed that some of the uAUGs and uORFs are conserved in evolution (5) . A number of experimentally characterized uAUGs and uORF also show conservation in different organisms (6, 7, 8) . However up to now bioinformatics analysis of evolutionary conservation within a specific group of proteins has not been performed.
Analysis of the 5'end of the mRNAs for the known human protein tyrosine phosphatases (PTPs) showed an abundance of uAUGs and uORFs (see 6, Supplementary Tables 1 and 2 ). Here we communicate the conservation of these 5'UTR elements between humans and the mouse. We find high degree of conservation of the uORF in the receptor type PTPs; uORF conservation between orthologous nontransmembrane PTPs is much less. We report a conserved pattern in the 5'UTR which might lead to translation attenuation, namely uAUGs in a reading frame different from that of the PTP. We specify uAUG as initiation codon in the 5'UTR. The uAUGs are not followed by stop codons within the 5'UTR.The uAUG may be in-frame or out-of-frame with the PTP sequence. On the other hand uORF is defined as uAUG followed by a stop codon. The uORF precedes the ORF of the PTP. Important features of the uORFs are their length and distance from the start of the main ORF. The possible arrangements of the uAUGs are presented in Fig. 1 In this study we consider a human/mouse uAUG pair as orthologous if the distance between the uAUG and the principal AUG is conserved within 10%. We regard two uORFs as orthologous if the position of the start codon is conserved and the lengths of the uORFs are similar.
Materials and methods

Definition of uAUGs and uORFs and criteria for orthology
Classification of human PTP and search for uAUGs and uORFs
The classification of the receptor type and non transmembrane PTPs is published (9) .
The sequence of the mRNAs is according to http://www.ncbi.nlm.nih.gov/ (NCBI Reference Sequences, curated in the period October 2008 -March 2009). The homologous gene search was performed on NCBI HomoloGene.
The search for uAUGs and uORF longer than 3 codons was performed on Clone Manager Professional Suite, version 8. From these results the position of the uAUG and the parameters of the uORF were calculated.
Results and Discussion
Abundance of uAUGs and uORFs in human and mouse m PTPs
The human genome contains 36 classic PTP genes, 19 genes for receptor type PTPs and 17 genes for non-transmembrane PTPs (9) . Search at NCBI found that all human genes have clear orthologs in the mouse. However the reference sequences of the cDNAs are complete on the 3'end but not on the 5' end. Thus from analysis we exclude mRNAs with 5'UTRs shorter than 50 nt (these are the mRNAs for mPTPalpha, hSAP1, hPTP-beta and mIA2-beta). This limit is somewhat arbitrary but very short 5'UTRs apparently are due to the absence of sequenced cDNA clones.
In the remaining 68 mRNAs for human and mouse PTPs 48 mRNAs have uAUGs and/or uORF (70%). This is much higher than the reported content of these elements in the average messenger, which is 44 % (5). This is not surprising as the PTPs fall into the subset of genes with messengers, which are poorly translated (2). Selection of PTP mRNAs for determination of conservation Some 5'UTR pairs have no uAUG or uORF. These are the non-transmembrane SHP1, PEST and HDPTP and the receptor like PTP-mu, PTP-lambda and IA2.
Some of the homologous pairs have very different 5'UTR lengths and five mRNAs pairs were excluded from evolutionary comparison, namely the mRNAs for the receptor type PTPs -PTP-alpha, PTP-delta, SAP1, PTP-beta and IA2-beta.
The position of the uAUG and the uORF (relative to the start codon of the main protein) was estimated and the remaining 25 mRNA pairs were compared.
Conservation of the position of the uAUGs and the uORFs
Previous studies have shown that, in comparison to other triplets, the frequency of AUG in 5'UTRs is less. Although not translated in this region, the AUG is selected against as it may cause unwanted initiation. The conservation of a particular uAUG or uORF in the human and mouse lineages indicates that it may play an important functional role. The data presented on Table 1 show that uAUGs (without stop codon within the 5'UTR) as well uORF (uAUG and stop codon within the 5'UTR) are conserved in a number of cases.
Analysis of the data reveals significant differences between non-transmembrane and receptor-like PTPs. While in the non-transmembrane PTPs the conserved uAUGs and uORFs combined are 24% (12 of 50) in the receptor type PTP the conservation is three times greater (73%).
Conservation of the position of the uAUGs
Earlier it was shown that in orthologous sequences on the avarage the uAUGs are less conserved (24%) than the uORF (38%) (5) . The data for the PTPs show just the opposite -very high conservation (89%) of the uAUGs, either in-frame or out-of-frame with the main protein. Translation starting at uAUG, which is out-of-frame, should either stop the expression of the principle protein, or if leaky, it should diminish expression (see Fig. 1 ). Conservation suggests that translation down-regulation may take place. However the effect on translation of these out-of-frame uAUGs has not been tested. Earlier in vitro studies have shown that, unless leaky, the presence of uAUG abolishes translation (10) .
Translation starting at in-frame uAUG would result in Nend extended protein. We showed earlier that in PTPRJ (DEP1) this inhibits translation, due to the presence of inefficiently translated stretch of amino acids (6) .
Conservation of the position and length of the uORFs
The conservation of uORF in orthologous sequences is less and it is quite different for the different PTPs -14% for the non-transmembrane type (42/6) and 61% for the receptor-like type (23/14). The reasons for this difference are not clear. It is generally accepted that the role of the uORFs is to reduce translation to manageable levels (2, 3 The low conservation of the uORF in the nontransmembrane PTPs in combination with their significant number (Table 1) suggests that the uORFs may change at random in the course of evolution. Conserved 5'UTRs elements in the mRNAs for the nontransmembrane PTPs Detailed comparison of the conserved pairs of the nontransmembrane PTPs is presented in Table 2 .
The data show that the conserved elements in the nontransmembrane PTPs are only of two varieties -uAUGs which are out-of-frame and short uORF (4 -14 codons). The short uORFs favor reinitiation (2, 10) . It is interesting to note that PTPN22 has both elements conserved.
Conserved 5'UTRs elements in the mRNAs for the receptor like PTPs
Detailed comparison of the conserved pairs of the receptor like PTPs is presented in Table 3 .
The data show that PTPRC and PTPRJ have uAUGs inframe. The uAUG in PTPRC is only 2 codons upstream and this may have no significance. The uAUGs in PTPRJ are roughly 50 and 100 codons upstream and their impact on translation was already investigated (6) . The uORF in this type of PTPs are on average longer than in the nontransmembrane PTPs. PTPRG mRNA has very long 5'UTR (720 nt -human, 696 nt -mouse ). Here two uORFs and one out-of-frame uAUG are conserved.
TABLE 3
Human/mouse uAUG/uORF conservation in the 5'UTRs of receptor like PTPs
